Oceanivirga salmonicida gen. nov., sp. nov., a member of the Leptotrichiaceae isolated from Atlantic salmon (Salmo salar) 
In 1992 and 1993, an unknown bacterial disease occurred on an Atlantic salmon seawater farm in Ireland, causing high mortalities (Palmer et al., 1994) . The disease exhibited remarkable pathology, with extensive intracellular bacterial growth, particularly in the kidney endothelial cells. Intraand extracellular viability of bacteria was indicated by specific histological staining. Bacterial isolates, with consistent growth characteristics, were obtained from kidneys, spleens and livers of a total of 19 fish during the 1992 disease occurrence, and from 16 fish during the 1993 occurrence. However, only one isolate was maintained for further studies (strain AVG 2115 T , from 1992). The main pathological features of the disease were reproduced in laboratory-held naïve fish, with intraperitoneal injections of strain AVG 2115 T . Unfortunately, the origin of the farmed salmon infection could not be determined. Despite close monitoring, the bacterium was not found on the farm in subsequent years and, to the best of our knowledge, the disease has never re-occurred in Ireland or elsewhere.
Strain AVG 2115
T was subsequently 16S rRNA gene sequenced (GenBank: X83517.1), and the highest similarity to published 16S rRNA gene sequences, at that time, was to S. moniliformis (Maher et al., 1995) . Indeed, some of the growth characteristics of the isolate resembled those of Streptobacillus, such as the flocculent or 'cotton ball' growth in broth and the presence of L-forms (max. colony size of 0.1 mm; glistening, entire, 'fried egg' colony appearance). However, some striking physiological differences, e. g. optimum growth temperatures of [15] [16] [17] [18] [19] [20] [21] [22] C and preferred halophilic growth conditions, gave some doubt to any affiliation with the well-known rat bite fever agent. These authors came to the conclusion that strain AVG 2115 T possibly represents a novel species or genus within a group of closely related species that now form the family Leptotrichiaceae (Maher et al., 1995) . Strain AVG 2115 T was deposited by Roy Palmer, Aquatic Veterinary Group, National University of Ireland, Galway, Ireland as Streptobacillus sp. in the NCIMB Culture Collection, Aberdeen, UK (NCIMB 703044 T ). However, the current study suggests that, based on remarkable DNA heterogeneity with known Leptotrichiaceae species, strain NCIMB 703044 T should be assigned to a novel genus of the Leptotrichiaceae family.
Referring to Palmer et al. (1994) , strain AVG 2115 T initially grew on brain heart infusion agar/broth with 10 % foetal calf serum (BHIA-FCS, BHIB-FCS, Difco Laboratories and Oxoid Ltd, UK) and 7 % horse blood agar (HBA, Difco Laboratories and Oxoid Ltd), both supplemented with 1 % sodium chloride (NaCl). Initial isolation succeeded aerobically at 22
C after a 4-to 14-day incubation period, with a maximum colony size of 0.3 mm. Anaerobic incubation on these media generally produced a larger maximum colony size of 0.6 mm (Palmer et al., 1994) .
In the present study, good growth of strain NCIMB 703044 T was observed on tryptone soy agar (TSA, Oxoid, Wesel, Germany) supplemented with 20 % horse serum without additional supplementation of NaCl, and weak growth on Columbia agar with 5 % sheep blood (SBA; Oxoid) at 15, 20 and 37 C under a microaerophilic atmosphere, but not at 43 or 50 C. A very faint incomplete (a)-haemolysis could be observed on HBA and SBA, that turned into complete (b) haemolysis after seven to 14 days of incubation. Strain NCIMB 703044
T could also be cultivated on SBA supplemented with nalidixic acid and colistin as well as in liquid media [tryptone soy broth (TSB), supplemented with 20 % cattle or horse serum], but not on Schaedler, Gassner, MacConkey and chocolate blood agar supplemented with vitamin K and haemin (all Oxoid). Growth is fastidious and colonies are tiny, dry, and butyraceous and slightly opaque, measuring 0.1-0.6 mm in diameter; older colonies may adopt a concave 'molar-tooth' appearance ( Fig. 1) . Gram-staining was done according to the Hucker method as described previously (Gerhardt et al., 1994) . Cell morphological features were observed under a Leitz Diaplan light microscope at Â1000, with cells grown for 3 days at 37 C on TSA supplemented with 20 % horse serum. Staining revealed small Gram-negative cocco-bacilli 0.40±0.05 µm (width) and 0.60±0.05 µm (length) on solid media; pleomorphic, fusiform to filamentous, non-spore forming, non-encapsulated, weakly acid-fast rods with a size of 0.40 ±0.05 µm (width) and <5.00 µm (length) in broth that are arranged in chains and clumps.
Electron microscopy was conducted on spleen and kidney samples from the 1992 disease occurrence. Wax embedded tissues were dewaxed, rehydrated, postfixed in 1 % osmium tetroxide and embedded in Spurr's resin. Sections (470 nm) were stained with lead citrate and uranyl acetate and were viewed with a Hitachi 7000 transmission electron microscope. Tissues showed extracellular and intracellular bacteria, of a size consistent with the light microscopy description of cultured cells. The bacteria had triple-membraned cell walls, which lacked the membranous folds or scale-like protrusions described for Leptotrichia spp. [ (Eribe et al., 2004 , Smith et al., 1994 ; Fig. 2 ]. In particular, glomerular endothelial cells contained densely packed bacterial cells, within a membrane-bound cytoplasmic vacuole.
For phylogenetic analysis genomic DNA was extracted from a bacterial culture with a commercial kit according to the manufacturer's instructions (MasterPureÔ Complete DNA and RNA Purification Kit, Epicentre, distributed by Biozym Scientific, Hessisch Oldendorf, Germany) and subjected to whole genome sequencing. De novo assembly was performed with CLC Genomics Workbench, Version 7.5 (CLC Bio, Aarhus, Denmark). For automatic annotation we used the RAST Server: Rapid Annotations using Subsystems Technology (Aziz et al., 2008) . Gene sequences from annotated genomes were imported into MEGA5.2.2 (Tamura et al., 2011) and aligned with relevant reference sequences obtained from the NCBI database (http://www.ncbi.nlm. nih.gov) using the ClustalW alignment tool in MEGA5.2.2 with default parameters. For calculation of phylogenetic trees based on nearly full-length 16S rRNA gene sequences, the maximum likelihood (ML) method based on the Tamura-Nei model (Tamura & Nei, 1993 ) with a discrete Gamma-distribution (+G) with 5 rate categories and by assuming that a certain fraction of sides are evolutionary invariable (+I) was used. Correspondingly, maximumparsimony (MP) algorithms implemented in MEGA5.2.2 with Subtree-Pruning-Regrafting (Nei & Kumar, 2000) were also calculated and assessed. Tree node reliability was examined by bootstrap analysis using 100 re-samplings for each tree. The sequenced 16S rRNA gene fragment of strain NCIMB 703044
T represents an almost continuous stretch of 1515 unambiguous nucleotides between sequence positions 5 to 1548 [E. coli numbering; (Brosius et al., 1978) ]. The phylogenetic trees based on 1572 nucleotide (nt) positions ( Fig. 3 ) and 16S rRNA gene sequences between sequence termini 91 and 1402 [numbering according to the E. coli rRNA sequence published by (Brosius et al., 1978) ]. For Fig.  S1 (available in the online Supplementary Material) phylogenetic trees were calculated in ARB release 5.2 (Ludwig et al., 2004) using the 'all species living tree project' [LTPs; (Yarza et al., 2008) ] database release (LTPs123, September 2015) . For this purpose, 16S rRNA gene sequences not included in the database were obtained from GenBank (http://www.ncbi.nlm.nih.gov/), aligned using the SILVA Incremental Aligner [SINA; v1.2.11; (Pruesse et al., 2012) ] and implemented into the LTP database tree. Alignments were checked manually considering information of the secondary structure of the 16S rRNA gene sequences. Phylogenetic trees were calculated with the maximum-likelihood method using RAxML version 7.04 (Stamatakis, 2006) with GTR-GAMMA and rapid bootstrap analysis, the maximumparsimony method using DNAPARS v 3.6 (Felsenstein, 2005) , and the neighbor-joining methods using ARB Neighbor-joining and the Jukes-Cantor correction (Jukes & Cantor, 1969 ). All phylogenetic trees based on 100 re-samplings [bootstrap analysis; (Felsenstein, 1985) ]. Only sequence spanning 16S rRNA gene termini 97 to 1356 according to the E. coli rrnB numbering, Brosius et al., 1978) were included in tree calculations. Shorter sequences were not included but added after tree construction into the phylogenetic trees by using the ARB Parsimony quick add option without changing the overall tree topology.
16S rRNA gene sequence analysis clearly supports the affiliation of strain NCIMB 703044
T to the family Leptotrichiaceae (Figs 3 and S1). It shares highest similarity with an 'uncultured bacterium clone WDoral10E04' (99 %; KC260719.1) from the mouth of a wild common bottlenose dolphin (Tursiops truncatus) and a series of unpublished sequences from the digestive tracts of wild and captive common bottlenose dolphins and wild California sea lions (Zalophus californianus) (94-99 % similarity) (Bik et al., 2008 (Bik et al., , 2010 (Bik et al., , 2016 T to other members of the Leptotrichiaceae phylogenetic analyses based on both partial nucleotide and deduced amino acid sequences of gyrB, groEL, and recA genes were performed to regard also non-synonymous substitutions (Glaeser & K€ ampfer, 2015) . Respective nucleotide and deduced amino acid sequences were aligned using ClustalW (Thompson et al., 1994) implemented in MEGA5.2.2 (Tamura, et al., 2011) Using all of the employed phylogenetic methodologies, strain NCIMB 703044 T formed a monophyletic cluster (100 % bootstrap support) to the type strains of S. sanguinegens CCUG 41628 T and C. abscessus CCUG 39713 T and also to 'Sneathia amnii' Sn35 (Fig. 3) and is also clearly separated from the genera Streptobacillus, Leptotrichia and Sebaldella. Briefly, phylogenetic trees based on partial nucleotide and more conserved deduced amino acid sequences of gyrB, groEL and recA showed in all trees the formation of a monophyletic cluster for strain NCIMB 703044
T . This strain clustered (with high bootstrap support) closest but in a distinct branch to the Sneathia (S. sanguinegens CCUG 41628 T and 'Sneathia amnii' Sn35) and Caviibacter clades and always also clearly separated from all Streptobacillus species (Figs S2-S4) . Solely in the recA nucleotide and amino acid tree bootstrap support was low and strain NCIMB 703044 T clustered, albeit in a separate clade, more closely with Leptotrichia and Sebaldella than with Sneathia type species. In addition, nucleotide and deduced amino acid sequence similarities were always considerably lower between strain NCIMB 703044 T and type strains of the genera of Caviibacter, Sneathia, Streptobacillus, Sebaldella and Leptotrichia (Table S2) The evaluation of average nucleotide identity (ANI) analyses has proven to be well-suited for species delineation in Streptobacillus species (Eisenberg et al., 2015a (Eisenberg et al., , 2016b (Eisenberg et al., , 2016c and superior to DNA-DNA hybridization [DDH; (Tamura & Nei, 1993 ) with a discrete Gamma-distribution (+G) with 5 rate categories and by assuming that a certain fraction of sides are evolutionary invariable (+I). The tree is based on 1572 nucleotide positions and 16S rRNA gene sequences between sequence termini 91 and 1402 [numbering according to the E. coli rRNA sequence published by (Brosius et al., 1978) ]. GenBank accession numbers are given in parentheses. Numbers at branch nodes refer to bootstrap values >70 % (100 replicates). Bar, 0.05 nucleotide substitutions per side. Fusobacterium nucleatum subsp. nucleatum ATCC 25586 T was used as outgroup. (Eisenberg et al., 2015b) ]. It was carried out according to the method described by Goris et al. (2007 (Richter & Rossello-Mora, 2009 ). As a countercheck and to avoid statistical uncertainty, we confirmed these results also by using the in-silico genometo-genome comparison tool (GGDC 2.0; http://ggdc.dsmz. de/) that is independently working from ANI and was found to yield higher correlations with conventional DDH (MeierKolthoff et al., 2013) . Strain NCIMB 703044 T constantly displayed DDH estimate levels of 19.2±2.29 to 26.2±2.42 to all type species of the Leptotrichiaceae genera using formula 2 [identities/high-scoring pair (HSP) length], thereby clearly falling below the cut-off for species boundary of 70 % DNA heterogeneity (Johnson, 1984) (data not shown). However, since ANI was found to be not suitable for genus delimitation (Qin et al., 2014) 
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Haemolysis on SBA § (+) Palmer et al. (1994) . and S. moniliformis DSM 12112 T were 46.25, 41.03 and 32.87, respectively, thereby confirming the proposed intergenera POCP boundary of below 50 % for prokaryotic lineages (Qin et al., 2014) .
PCR assays, that were originally designed for the detection of S. moniliformis, were recently found to be rather genus than species specific (Eisenberg et al., 2015b) . Interestingly, one of these assays even yielded an amplicon for strain NCIMB 703044 T in the PCR according to Rohde et al. (2008) , but not in the PCR according to Kimura et al. (2008) .
Strain NCIMB 703044
T displayed three conserved signature indels (CSIs) in amino acid sequences of MreB/MrI family protein (MreB/MrI; 2 aa deletion), Alanine-tRNA ligase (AlaS; 5 aa insertion) and RecA (2 aa insertion) that were recently found to be specific for the Leptotrichiaceae (data not shown) (Gupta & Sethi, 2014) .
From the results of the sequence analysis of the 16S rRNA, gyrB, groEL and recA genes as well as from ANI and POCP analyses it is evident, that strain NCIMB 703044
T is different from the genera Caviibacter, Sneathia, Streptobacillus, Leptotrichia and Sebaldella and therefore should be placed into a novel genus.
Results from the physiological characterization are given in the species description and in Table 1 , which includes some of the biochemical and enzymatic results from the case description study of Palmer et al. (1994) . Biochemical profiling for this study was carried out according to the manufacturer's instructions using commercial test systems, i.e., Vitek2-compact with the NHI card (for Neisseria/Haemophilus identifications) and API-ZYM (both bioMeri eux, Nürtingen, Germany T and Sebaldella termitidis NCTC 11300 T were incubated for 3-5 d and subsequently selected from the TSA plates supplemented with 20 % horse serum and then transferred to steel targets according to manufacturer's instructions (BrukerBiotyper, BrukerDaltonics, Bremen, Germany). Strains were prepared using the direct transfer protocol provided by the manufacturer. Analysis was performed on a MALDI-TOF MS Biotyper Version V3.3.1.0. The database used (DB 5627, 
